Introduction
Arsenic and other heavy-metal contaminations into water and soil systems are creating potentially serious environmental problems for humans and other living organisms. Mining wastes and acid mine drainages have released several heavy metals (arsenic, cadmium, copper, lead, mercury, chromium, etc.) to ground-and surfacewater systems as well as geological environments due to their solubility and mobility (Mulligan et al., 2001 ). Thus, in this study, the following objectives were established to investigate the applicability of alkaline washing for arsenic contaminated tailings or soil remediation.
The specific objectives are as follows: (1) (USEPA, 1986a) that is a hot nitric acid digestion method for soil. After pulverizing dried soil samples homogeneously, about 1 g was inserted into a glass beaker and 10 ml of nitric solution (50%) was added. The beaker was covered with a watch glass and heated to about 95 ± 5 _C and refluxed for 15 min. After cooling the sample, the concentrated nitric acid was repeatedly added and evaporated to 5 ml, then, cooled again. Then, hydrogen peroxide (30%) was repeatedly added and 10 ml of concentrated hydrochloric acid was added, then, refluxed again for 15 min. The sample was filtered with Watman No. 41 and diluted to 100 ml at volumetric flask, and analyzed for arsenic concentration. 
Kinetics of soil washing
Hydrochloric acid and citric acid that have been reported to be effective for extracting heavy-metals in other studies (Benschoten et al., 1994; Cheong et al., 1997) . These acids were selected to compare the effectiveness of arsenic extraction of contaminated tailings and soil with sodium hydroxide. Aliquots of 50 mM and 100 mM of each reagent were used for kinetic studies of arsenic extraction. Fifteen grams of each soil sample were carefully put in a 500 ml flask and then 300 ml of reagent solution was slowly added to achieve a ratio of reagent solutions (ml) to soil mass (g) of 20. The suspension was mixed at 20 ± 0.5 _C in a shaker at 300 rpm. At predetermined times (1, 2, 3, 6, 14, and 24 h), 10 ml of supernatant was centrifuged at 3200 rpm for 20 min and filtered with a 0.45-lm filter paper. In order to examine the arsenic extraction mechanism, kinetic data were fitted with four mathematical models: first-order, parabolic diffusion, Elovich, and power function.
Through comparing the determination coefficients and standard errors of each model, the best fit model was found.
Full text is available at :
http://www.sciencedirect.com/science/article/pii/S0045653505000251
